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Abstract

Purpose
To assess the effect of a compound of low dose Pilocarpine, Brimonidine and Oxymetazoline (PBO) in a
group of presbyopic individuals.

Materials and Methods
We recruited a group of 11 presbyopic individuals from June to July 2020. The PBO compound was
instilled in the non-dominant eye and low Pilocarpine or Brimonidine alone were instilled in the other eye.
Under corrected near visual acuity using the Jaeger notation, under corrected and corrected distance
visual acuity, intraocular pressure, pupil diameter, and lines gained were recorded before and one hour
after instillation of the drops.

Results
One hour after drops binocular Jaeger was 2.45 +/ 1.36 SD range (1 – 4) (p ≤ 0.003) PBO in the non-
dominant eye Jaeger was 2.09 +/- 1.446 SD range (1 – 5) (p ≤ 0.0001) Jaeger in the dominant eye with
Pilocarpine or Brimonidine 3.82 +/-1.601 SD range (1 – 6) (p ≤ 0.032). Jaeger in eyes instilled with
Pilocarpine 4.20 +/-1.483 SD range (2 – 6) (p ≤ 0.102). Jaeger in eyes instilled with Brimonidine 3.50
+/-1.761 range (1 – 5) (p ≤ 0.250). Lines gained PBO non dominant eye 3.73 +/-1.42 SD range (2 – 6)
Lines gained in the dominant eye with Pilocarpine or Brimonidine 2 +/-1.89 SD range (0 – 6). Lines
gained in eyes with Pilocarpine 1.60 +/-0.89 SD range (1 – 3). Lines gained in eyes with Brimonidine 2.33
+/- 2.50 SD range (0 – 6).

Discussion
Low dose Pilocarpine, Brimonidine, Oxymetazoline compound showed effectiveness improving near
distance vision one hour after instillation compared to low dose Pilocarpine and Brimonidine alone in a
group of 11 presbyopic individuals.

Summary
A novel pharmacological compound of pilocarpine, brimonidine and oxymetazoline has a synergistic
effect improving near uncorrected visual acuity compared to pilocarpine and brimonidine alone.

Introduction
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Presbyopia is known, for the refractive surgeon, as the ultimate goal for vision correction. It entitles a
mayor challenge due to the complex mechanism the eye has to achieve accommodation, involving the
pupil, the lens and the ciliary body contraction. Attempts for correction include: refraction: monovision
with contact lens, 1 laser surgery monovision, multifocal cornea, 2–4 micro monovision, 5 Inlays: Kamra, 6

Raindrop (now discontinued), 7 Scleral expansion implants, 8 and lens related: Femtosecond laser, 9

Pseudo accommodative lens: Cristalens, 10 multifocal intraocular lenses. 11

Pilocarpine is a parasymphatetic mimetic drug binding to muscarinic receptors m3. It is mainly used for
the treatment of narrow angle glaucoma in concentrations ranging from 1–4% for more than one
hundred years. Causing miosis, ciliary body contraction, pulling the scleral spur, then lowering intraocular
pressure. 12Among the side effects are ciliary spasm, myopization, red eye, eye brow pain, and posterior
iris synechiae on chronic use. 13, 14 Brimonidine is an Alpha 2 adrenergic agonist use for the treatment of
glaucoma on concentrations from 0.15 to 0.2%. 15,16 It blocks the alpha 2 receptors of the iris dilator
muscle, inhibiting its function, and then inducing miosis. This side effect has been used to control
nocturnal glare and halos experimented by patients after laser excimer procedures. 17–19 Oxymetazoline
is an alfa 1 and partial alfa 2 adrenergic agonist used as vasoconstrictor for the treatment of red eye, and
has an effect dilating the pupil due to it prejunctional alfa 2 activity leading to a reduction of sensory
neurotransmitter release, as evident from a decrease in evoked sphincter contraction.

We prepared a compound using Pilocarpine, Brimonidine and Oxymetazoline in low doses and compared
it with low dose Pilocarpine and low dose Brimonidine alone to determine its effect of near vision,
intraocular pressure and pupil diameter in order to ammeliorate presbyopia symptoms and secondary
effects related to drug use such as pain and blurry vision. 20,21

Material And Methods
A prospective clinical trial was conducted from June to July 2020 we selected patients presenting at
Optall Vision eye center in México City with presbyopia symptoms. The study was approved by the ethics
committee of Optall Vision Eye Center in México City in accordance with the ethical standards of the
1964 Declaration of Helsikinki and. All patients signed and informed consent to participate in the study.
We included healthy patients with presbyopia, corrected visual acuity 20/25 or better. Presbyopia
diagnosis was determined if uncorrected near vision acuity was equal of less than Jaeger 3 in the
Rosenbaum chart improving at least Jaeger 2 with the use of at least a +1.00 D lens. We registered age,
gender, ocular dominance, uncorrected visual acuity (UCVA), best corrected visual acuity (BCVA),
uncorrected near vision acuity with the Rosenbaum Jaeger chart, (UNVA), best corrected near vision
acuity (BCNVA) Intraocular pressure with Goldmann applanation tonometer (IOP) Pupil diameter in
photopic and scotopic conditions (PD), Biomicroscopic slit lamp exam, eye fundus exam. A compound of
low dose Pilocarpine (0.24%) (Pil, Sophia Laboratories, México), Brimonidine (0.052%) (Alphagan P,
Allergan Laboratories, Irvine CA) Oxymetazoline/Sodium Hyaluronate (0.83 mg/0.10mg) (Hyalox,
Laboratorios Sophia, México) (PBO) was prepared. Also, a dilution of Pilocarpine (0.24%) (Pil, Sophia
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Laboratories, México) with Saline Solution 0.9% (Solución CS. Pisa Laboratories, México) and a dilution
of Brimonidine (0.052%) (Agglad, Sophia Laboratories, México) with Saline Solution 0.9% (Solución CS.
Pisa Laboratories, México) was prepared. One drop of PBO compound was instilled in the non-dominant
eye and one drop of Pilocarpine or Brimonidine dilution were instilled alternatively in the dominant eye of
consecutive patients. After one-hour uncorrected visual acuity (UCVA), best corrected visual acuity
(BCVA), uncorrected near vision acuity (UNVA), best corrected near vision acuity (BCNVA) Intraocular
pressure (IOP) Pupil diameter (PD) Pain in an Analogue Visual Scale (AVS) was measured 0 – 10.
Hyperemia was measured from 0 to 4. Statistical analysis was run with SPSS statistica using the
Pearson and Spearman correlation analysis and Wilcoxon non parametric test. P value is signi�cant
when is equal or less than 0.05.

Results
Descriptive statistics. 11 patients were recruited to participate in the study, 7 male and 4 female.
Dominant eye was right in 6 patients and left in 5 patients. Average age was 49.27 +/- 1.84 SD range (44
– 56 years). BCVA was 20/20 in all eyes. Jaeger was measured binocular and individually for each eye.
Binocular Jaeger score was 5.82 +/-1.04 SD range (3 – 7). Jaeger score right eye was 5.91 +/-1.514 SD
range (3 – 8). Jaeger score left eye was 5.64 +/-1.502 SD range (3 – 7). Intraocular pressure OD was 13
mmHg +/- 2.145 SD range (10 – 16 mmHg). Intraocular pressure OS was 13 mmHg +/-2.145 SD range
(10 – 16 mmHg). Photopic pupilar diameter OD was 3.73 mm +/- 0.46 SD range (3 – 4 mm). Photopic
pupilar diameter OS was 3.73 mm +/- 0.46 SD range (3 – 4 mm). Scotopic pupilar diameter OD was 4.63
mm +/- 0.636 SD range (3.5 – 5 mm). Scotopic pupilar diameter OS was 4.63 mm +/- 0.636 SD range
(3.5 – 5 mm). BPO compound was instilled in the non-dominant eye of all participants. Pilocarpine and
Brimonidine dilutions were alternatively instilled in the dominant eye of all participants. One hour after
drops instillation binocular Jaeger was 2.45 +/ 1.36 SD range (1 – 4) (p ≤ 0.003) PBO in the non-
dominant eye Jaeger was 2.09 +/- 1.446 SD range (1 – 5) (p ≤ 0.0001) Jaeger in the dominant eye with
Pilocarpine or Brimonidine 3.82 +/-1.601 SD range (1 – 6) (p ≤ 0.032). Jaeger in eyes instilled with
Pilocarpine 4.20 +/-1.483 SD range (2 – 6) (p ≤ 0.102). Jaeger in eyes instilled with Brimonidine 3.50
+/-1.761 range (1 – 5) (p ≤ 0.250). Lines gained PBO non dominant eye 3.73 +/-1.42 SD range (2 – 6)
Lines gained in the dominant eye with Pilocarpine or Brimonidine 2 +/-1.89 SD range (0 – 6). Lines
gained in eyes with Pilocarpine 1.60 +/-0.89 SD range (1 – 3). Lines gained in eyes with Brimonidine 2.33
+/- 2.50 SD range (0 – 6). Intraocular pressure OD was 13 mmHg +/- 2.145 SD range (10-16). Intraocular
pressure OS was 13 mmHg +/- 2.145 SD range (10-16). Photopic pupilar diameter PBO non dominant eye
was 2.63 mm +/-0.63 SD range (2 – 4) (p ≤ 0.039). Photopic pupilar diameter Pilocarpine or Brimonidine
dominant eye was 3.13 mm +/-0.63 SD range (2 – 4) (p ≤ 0.059). Scotopic pupilar diameter PBO non
dominant eye was 2.68 mm +/- 0.60 SD range (2 – 4) (p ≤ 0.042). Scotopic pupilar diameter Pilocarpine,
Brimonidine dominant eye was 2.90 mm +/-0.66 SD range (2 – 4) (p ≤ 0.061). Pain in the PBO non
dominant eye was in AVS 0. Pain in the Pilocarpine or Brimonidine dominant eye in a AVS was reported
by 2 patients grade 2 and 3 respectively. Hyperemia in the PBO non dominant eye was 1 in 1 eye of 11
(9%). Hyperemia in the Pilocarpine Brimonidine dominant eye was present in 4 patients: 3 with grade 1
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hyperemia and 1 with grade 2 hyperemia (36%). BCVA remained 20/20 in all patients, intraocular pressure
remained unchanged in both groups. No patient reported blurry vision at distance or headache.

Discussion
There are several efforts to mitigate presbyopia symptoms using drugs targeting the iris sphincter and
the dilator in presbyopic individuals. In 1990 Rosenfeld documented the use of phenylephrine and
thymoxamine (an alpha antagonist) achieving 1.5 D accommodative amplitude lasting only two hours. 22

Benozzi reported a combination of Pilocarpine 1–2% combined with Diclofenac to treat presbyopic
individuals for a 5 years period. At such dose 20% of patients experienced eye burning, and ocular
discomfort right after drop instillation. 1% discontinued treatment due to intolerance to medication, 4%
preferred glasses. 23

Brimonidine has a direct effect in pupil size after instillation. It has a miotic effect under photopic and
scotopic conditions. 24 It has been used by refractive surgeons in the commercial presentations 0.2% and
0.15% to successfully palliate adverse effect of laser procedures such as glare and halos, obtaining the
effect 30 minutes after instillation and lasting up to six hours. 25–26

The use of Brimonidine in a lower dose (0.1%) has shown a similar effect on pupil size than the regular
concentrations. 27 Base line photopic pupil diameter was 3.73 mm +/- 0.46 range (3 to 4). One hour after
PBO instillation in the non-dominant eye, pupil diameter was 2.63 mm +/-0.63 range (2 to 4) (p ≤ 0.039).
In the Pilocarpine or Brimonidine group pupilar diameter was 3.13 mm +/-0.63 range (2 to 4) (p ≤ 0.059).
Baseline scotopic pupil diameter was 4.63 mm +/-0.63 range (3.5 to 5). One hour after PBO instillation
the pupil diameter was 2.68 mm +/- 0.60 range (2 to 4) (p ≤ 0.042). In the Pilocarpine or Brimonidine
group, pupilar diameter was 2.9 mm +/- 0.66 range (2 to 4) (p ≤ 0.061) (Table 3). We researched the
effect of low dose of Pilocarpine, Brimonidine and Oxymetazoline (PBO) mitigating the effects of
presbyopia in eleven healthy individuals in order to avoid undesirable effects as pain, burning, discomfort
and blurry distance vision. One hour after instillation of the compound in the non-dominant eye, Jaeger
notation improved from 5.82 to 2.09 (p ≤ 0.0001) compared to low dose Pilocarpine 4.2 (p ≤ 0.102) and
non-dominant low dose Brimonidine 3.5 (p ≤ 0.25) alone (Table 1). The combination showed a
signi�cant improvement in the Jaeger notation one hour after instillation compared to Pilocarpine and
Brimonidine alone.

Renna published in 2016 a compound including Pilocarpine 0.247%, Phenylephrine 0.78%, Polyethylene
glycol 0.09%, Nepafenac 0.023%, Pheniramine 0.034% and Naphazoline 0.003% instilled binocularly in 14
presbyopic subjects. 28 The results showed 2 to 3 lines of UNVA improvement. No patient had lost of
UDVA in each eye and binocularly. Our study showed 2 to 6 lines of UNVA improvement. Average 3.73
lines compared to 1.6 with low dose Pilocarpine and 2.33 with low dose Brimonidine. Accordingly, no
patients lost UDVA (Table 2). In 2018 Vargas, from the same study group published a series of 117
presbyopic patients using the same formulation achieving signi�cant improving of UNVA in 92.3% of
patients 2 hours post eye drop instillation. 14 patients reported headache, 1 patient was intolerant to the
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preparation. 29 Giovanna Benozzi reports in 2020 a retrospective series from 1 up to 8 years follow up of
910 patients, with high adherence to treatment and discontinuing the use of presbyopia spectacles. The
most frequent side effect was dim vision 246 individuals (26%), headache 119 (12.9%), ocular surface
burning 86 (9.3%). 30 Although is a small population, no patient reported headache in our series. Pain in
the PBO non dominant eye was in AVS 0. Pain in the Pilocarpine or Brimonidine dominant eye in an AVS
was reported by 2 patients grade 2 and 3 respectively. Hyperemia in the PBO non dominant eye was 1 in 1
eye of 11 (9%). Hyperemia in the Pilocarpine Brimonidine dominant eye was present in 4 patients: 3 with
grade 1 hyperemia and 1 with grade 2 hyperemia (36%).

The combination of low dose Pilocarpine, a muscarinic parasympathomimetic, acting on receptors at the
iris sphincter and the ciliary muscle, with Brimonidine and Oxymetazoline at low doses has an additive
effect one hour after instillation. Brimonidine acts at the alpha 2 receptor of the iris dilator muscle,
inhibiting its function and inducing indirect miosis. Combining those agents to induce miosis gave us the
rationale to lower the concentration to achieve a similar result and avoiding the side effects such as pain
and discomfort. We believe that lowering the Pilocarpine dose avoids ciliary muscle spasm related pain
and induced myopia, affecting distance vision. None of our patients reported blurry vision at distance. No
patient loss lines of UDVA. Oxymetazoline and alpha 1 and partial alpha 2 imidazolic agonist has a
mydriatic effect. We believe it opposes the action of the Pilocarpine and Brimonidine, hence avoiding
spasm of the iris sphincter, and allowing pupil movement. 31

This novel combination of Pilocarpine, Brimonidine and Oxymetazoline in low doses has an synergistic
effect improving near vision in presbyopic patients, achieving at least up to 3.73 lines of near vision gain
on the Jaeger notation. This compound has a potential use to mitigate the symptoms of presbyopia in
healthy individuals. Further studies are being designed to document the long term effect of this
compound in patients with presbyopia.

Conclusion
The combination of three drugs in low doses: one parasimpathetic mimetic (Pilocarpine) and two alpha
adrenergics (Brimonidine (2) and Oxymetazoline (1) has shown a signi�cative synergistic effect
improving near vision as measured with the Rosembaum chart with Jaeger notation one hour after
instilation in the non-dominant eye of healthy presbyopic patients compared to Pilocarpine and
Brimonidine alone in low doses.
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Table 1
Uncorrected near visual acuity improvement one hour

after instilling drops
Drug Jaeger SD range p

Baseline 5.82 1.04    

1 hr after 2.45 1.36 1 to 4 0.003

PBO 2.09 1.44 1 to 5 0.0001

Pil or Brim 3.82 1.6 1 to 6 0.032

Pil 4.2 1.48 2 to 6 0.102

Brimonidine 3.5 1.76 1 to 5 0.25

PBO Pilocarpine, Brimonidine, Oxymetazoline

Pil Pilocarpine

Brim Brimonidine

SD Standard Deviation

Table 2
Lines gained of uncorrected near visual acuity

one hour after instilling drops
Drug Lines gained SD range

PBO 3.73 1.42 2 to 6

Pil or Brim 2 1.89 0 to 6

Pilocarpine 1.6 0.89 1 to 3

Brimonidine 2.33 2.5 0 to 6

PBO Pilocarpine, Brimonidine, Oxymetazoline

Pil Pilocarpine

Brim Brimonidine

SD Standard Deviation
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Table 3
Photopic and Scotopic pupil diameter one hour after

instilling drops
Drug Photopic PD SD range p

Baseline 3.73 0.46 3 to 4  

PBO 2.63 0.63 2. to 4 0.039

Pil or Brim 2.9 0.63 2 to 4 0.059

  Scotopic PD      

Baseline 4.63 0.63 3.5 to 5  

PBO 2.68 2.6 2 to 4 0.042

Pil or Brim 3.13 0.66 2 to 4 0.061

PBO Pilocarpine, Brimonidine, Oxymetazoline

Pil Pilocarpine

Brim Brimonidine

PD Pupil Diameter

SD Standard Deviation
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